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Soybean mosaic virus and bean pod mottle virus 
in Iowa: Occurrence, interactions, impact and 
identification of preplant risk factors 
Aliso n E. Robertson, Assista nt Professor, Plant Pathology, Iowa State University 
Forrest W. Nutter, J r., Professor, Plant Pathology, Iowa State University 
Emmanue l Bya mukama and Xin Lu , Graduate Research Assistants, Plant 
Pathology, Iowa State University 
Jana Stedman, Undergraduate Assistant, Plant Pathology, Iowa State University 
This presentation will summarize data collected from the Iowa Soybean Disease Survey on the 
temporal and spatial distribution of soybean mosaic virus (SMV) and bean pod mottle virus 
(BPMV) in Iowa during the 2005 and 2006 growing seasons. We will also discuss interactions 
of the viruses with each other, their vectors , Phomposis/Diaporthe complex. Lastly, the 
identification of preplant risk factors for BPMV will be presented. 
Introduction 
Bean pod mottle virus (BPMV) and Soybean mosaic virus (SMV) can significantly reduce soybean 
yields. Moreover, BPMV has been reported to be increasing in prevalence in the North Central 
Region, and BPMV has been shown to cause losses of up to 52 %. Losses of up to 35% have been 
reported due to SMV infection. In addition, co-infection of soybean plants with both BPMV and 
SMV can reduce yields by up to 75%. Visual assessment of soybean plants to quantify BPMV and 
SMV disease prevalence and incidence is unreliable because symptoms depend on a number of 
factors, including soybean variety, virus strain, time of infection and environmental conditions. 
Thus, the actual prevalence, incidence and yield impact of BPMV and SMV in Iowa might be 
greatly underestimated. 
The bean leaf beetle is the primary vector of BPMV The prevalence and incidence of BPMV has 
been correlated with overwintering survival of the bean leaf beetle. Management of bean leaf 
beetle populations and consequently Bean pod mottle virus (BPMV) could be improved if the 
population density of overwintering bean leaf beetles populations could be accurately predicted. 
With regards to SMV, over 30 species of aphid can acquire and transmit SMV, including soybean 
aphid. The introduction and spread of the soybean aphid in Iowa, has greatly increased concern 
that there will be a greater risk for high levels of SMV prevalence and incidence caused by this 
aphid. Until our study, there was no quantitative information on the impact of this colonizing 
aphid species on the prevalence, incidence, and spatial dependence of SMV in Iowa fields and 
counties. 
Data from the Iowa Soybean Disease Survey have been used to determine the relative importance 
of BPMV and SMV as well as to provide GIS disease risk maps that depict the actual prevalence and 
incidence of these two viruses in Iowa. In addition, the development of BPMV disease prediction 
maps (prior to planting) that visually depict the seasonal , county-level , and site (field)-specific risks 
for the prevalence and incidence of these two viruses in soybean fields within the North Central 
Region was initiated and has yielded new information concerning virus disease risk in Iowa. 
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Methods and materials 
Plant samples (30 soybean plants per field) were collected at four growth stages, V2-V3 , R1-R3, 
R4-R5 , and R6-R7, during the 2005 and 2006 growing seasons by Iowa State University Field 
Agronomists (FA). Each FA visited three fields in each county across Iowa during each sampling 
period 
Soybean samples were shipped to the ISU Department of Plant Pathology and the middle leaflet 
of the topmost fully expanded trifoliate of each plant was removed. The 30 leaflets sampled 
from each field were then stratified into five, 6-leaflet sub-samples which were labeled and 
stored in plastic bags at 4°C until testing for the presense of both viruses (BPMV and SMV). 
Field information that was recorded included the geographical location (GPS coordinates) , the 
presence or absence of the soybean aphid and bean leaf beetle, and the stage of soybean growth 
when each field was sampled. Plant sap was extracted from each 6-leaflet sub-sample using a 
leaf press and aliquots of plant sap were stored at -20°C. Commercial ELISA kits were then used 
to test for the the presence of SMV and BPMV in sap subsamples. 
Data analysis 
Soybean mosaic virus and BPMV prevalence and incidence, at the field and county level were 
determined as follows: 
Virus prevalence(%)= 
Virus incidence(%)= 
No. of counties (or soybean fields) in which virus detected x 100 
Total no. of counties (or soybean fields) tested 
No. of sub-samples testing positive for SMV at field/countv level x 100_ 
Total number of subsamples tested from a field/county 
The prevalence and incidence of each virus was mapped using ArcGIS software (ESRI, Redlands , 
CA). New counties that tested positive in june, july, August and September in each year were 
mapped by ArcGIS to illustrate pathogen progress in space as well as over time. 
Spatial dependence amongst counties testing positive for a particular virus was assessed. In 
addition, association between the presence of the vector and virus was tested by using two-way 
Chi-square analysis 
Results 
Soybean plants (30 per field) were collected from 937 soybean fields from 96 counties in 2005, 
and from 1,057 soybean fields from all 99 counties in 2006. 
Geographic distribution of Soybean mosaic virus 
Soybean mosaic virus was detected in 4 3 of 918 soybean fields ( 4.6%) sampled and tested in 
2005 . The positive fields for SMV were distributed among 31 counties in Iowa out of 96 counties 
(32 .3%) that were sampled and tested (Figure 1A). In 2006, 37 of 1,058 soybean fields (3.5%) 
tested positive for SMV, representing 2 7 different counties out of all 99 Iowa counties that were 
sampled and tested (27.3%) (Figure 1B). For SMV positive counties, incidence ranged from 1.4 
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to 23.1% in 2005 (Figure 1C) and from 1.5 to 13.3% in 2006 (Figure 1D). 
The spatial dependence of counties that tested positive for SMV at the end of the growing season 
showed weak, but significant clustering in 2005. However, spatial dependence was not present 
among counties testing positive for SMV in 2006 , indicating a random pattern. 
The soybean aphid had little impact on the prevalence and incidence of SMV in Iowa in both 
2005 and 2005. 
Geographic distribution of Bean pod mottle virus 
Bean pod mottle virus was detected in 89 of 937 soybean fields (9.5%) in 2005 (Figure 2A). The 
BPMV-positive soybean fields were from 39 of the 96 counties sampled. In 2006, 375 of the 
1,057 soybean fields (35.5%) sampled and tested for BPMV were found to be positive for BPMV 
(Figure 2B) . Moreover, BPMV was detected in 91 of all 99 Iowa counties. The incidence of 
BPMV ranged from 0 to 31% in 2005 (Figure 2C) and 0 to 100% in 2006 (Figure 2D). 
Both prevalence and incidence data indicated the presence of spatial dependence (clustering) of 
Iowa counties testing positive for BPMV 
Identification of preplant risk factors for BPMV infection 
The predicted mortality for bean leaf beetles in 2005 and 2006 as determined by Pedigo's model 
were mapped (county level) and compared with county-level maps depicting actual BPMV 
incidence in 2005 and 2006. Regression models relating% mortality (x) versus BPMV incidence 
(y) indicated that predicted % mortality explained less than 10% and just 3 7.4 % of the variation 
in BPMV incidence for 2005 and 2006, respectively. Two additional BPMV risk factors were 
assessed: (i) the number of days when the minimum temperature <0°C (32°F) between October 
1 and April15; and (ii) the number of days when mean temperature was <0°C (32°F) between 
October 1 and April15. The latter model (number of days when mean temperature was <0°C 
(32°F)) explained 46% of the variation in BPMV (Figure 3) and thus was a better predictor of 
BPMV incidence than using predicted % mortality from Pedigo's model to predict BPMV risk in 
Iowa counties. 
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Conclusions 
BPMV was more prevalent than SMV in Iowa in both the 2005 and 2006 Iowa growing 
seasons 
Counties testing positive for BPMV were clustered indicating large scale biotic and abiotic 
factors play a role in distribution of the virus. 
The best single predictor of county level risk of BPMV incidence to date is the number of 
days when the mean temperature was below 0 oc (32 °F) 
Counties testing positive for SMV were clustered in 2005, but not in 2006. 
In 2005 and 2006, the presence of soybean aphid did not increase the risk of SMV 
infection in Iowa soybean fields or Iowa counties. 
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Figure. 1. A and B, Prevalence of Soybean mosaic virus of soybeans at the end of the growing season in 96 Iowa counties in 2005 
(32.3%) and out of all99 counties in 2006 (27.3%). C and D, Incidence of Soybean mosaic virus in soybean fields at the end of the 
growing season in Iowa counties in 2005 (0-4.6%). and 2006 (0-3.5%). 
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Figure. 2. A and B, Prevalence of Bean pod mottle virus of soybeans at the end of the growing season in Iowa counties in 
2005 (39%) and 2006 (91 %). C and D, Incidence of Bean pod mottle virus of soybeans at the end of the growing season in 
Iowa counties in 2005 ranged from 0-31% and from 0-100% in 2006. 
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Figure 3. Regression model relating the number of days when mean temperature was <0°C (32°F) between October 1 
and April15 and Bean pod mottle virus incidence at the county level. 
